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Abstract of JP 4290835 (A) 

PURPOSETo produce an inclusion compound 
having high inclusion ratio of guest component with 
a smaller amount of carbon dioxide consumed than 
a conventional method. CONSTITUTION:As a first 
process, a guest and a host components are 
prepacked into an inclusion tank 15, as a second 
process, carbon dioxide is introduced into the 
inclusion tank 15 under pressure and the guest 
component is dissolved to form a saturated 
dissolution phase of the guest component. As a 
third process, a stirrer 16 is operated, the saturated 
dissolution phase is brought into contact with the 
host component in the inclusion tank 1 5 while 
controlling temperature to include the guest 
component in the host component.; In the first 
process, an excessive amount of the guest 
component is packed into the inclusion tank 15 so 
that an undissolved guest component remains after 
the saturated dissolution phase is formed by the 
second process. 
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[Title of the Invention] 

Method for Producing Inclusion Compound 

[Abstract] 

5 [Object] An object of the present invention is to produce an 
inclusion compound at a high rate of inclusion of a guest 
component with a smaller amount of consumption of carbon 
dioxide than that in conventional methods. 

[Essential Features] In the first step, a guest component and a 
10 host component are previously charged into an inclusion tank 
15. In the second step, carbon dioxide is injected into the 
inclusion tank 15, so that the guest component is dissolved 
therein to form a saturated dissolved phase of the guest 
component. In the third step, a stirrer 16 is operated, and the 
15 saturated dissolved phase is brought into contact with the host 
component under temperature control in the inclusion tank 15, 
so that the guest component is included in the host component. 
In the first step, such an excessive amount of the guest 
component that some of the guest component can remain 
20 undissolved even after the saturated dissolved phase is formed 
in the second step is charged into the inclusion tank 15. 
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[Claims] 

[Claim 1] A method for producing an inclusion compound, 
comprising: a first step of previously charging a guest 
component and a host component into an inclusion tank; a 
5 second step of introducing high-pressure carbon dioxide into the 
inclusion tank to dissolve the guest component therein so that a 
saturated dissolved phase of the guest component can be 
formed; and a third step of bringing the saturated dissolved 
phase into contact with the host component in the inclusion 

10 tank so that the guest component is included in the host 
component, wherein in the first step, such an excessive amount 
of the guest component that some of the guest component can 
remain undissolved even after the saturated dissolved phase is 
formed in the second step is charged into the inclusion tank. 

15 [Claim 2] The method for producing an inclusion compound 
according to Claim 1, wherein in the first step, 10 to 50% by 
weight of water is added, based on the amount of the host 
component. 
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[Specification] 

[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] The present invention relates to 
5 a method for producing an inclusion compound using 
high-pressure carbon dioxide as a medium. 
[0002] 

[Prior Art] Methods based on the application of inclusion 
compounds have been proposed to efficiently collect natural 

10 flavor components, which are extracted from plants, fruits, etc. 
[0003] In such methods, guests components such as unstable 
natural flavor components extracted from natural products are 
included in a host component to form an inclusion compound so 
that the guest components are stabilized and collected. 

15 [0004] In general, cyclodextrins are used as a host component 
in forming the inclusion compound. The cyclodextrins, which 
are specific oligosaccharides made up of glucose molecules 
bound together in a ring, exhibit hydrophilicity and lipophilicity 
at the peripheral part and in the inner pore part, respectively, 

20 and form a cyclic structure having the ability to include various 
molecules within the inner pore part. Therefore, the 
cyclodextrins can form inclusion compounds by absorbing 
various substances into the interior, and this ability is used in 
various fields such as food products and pharmaceuticals. 

25 [0005] Specific examples of the effect include allowing volatile 
substances to be included in cyclodextrin so that the substances 
are made non-volatile and stable, allowing easily oxidizable or 
photo-decomposable substances to be included in the same 
manner to protect them, and allowing various substances to be 

30 included so that their physical properties (such as solubility, 
moisture absorbing properties, curing rate, and crystallization 
properties) or chemical reactivity can be improved or modified. 
As mentioned above, cyclodextrins are particularly preferred 
compounds for unstable natural flavor components to be 

35 included, stabilized and collected. 

[0006] For example, Gekkan Food Chemical (Monthly Food 



3 



Citation 5: Japanese Patent Laid-Open Publication No. 4-290835 



Chemical), 11, 1989, pp. 31-66 and Japanese Patent Application 
Laid-Open (3P-A) No. 50-82262 disclose methods of producing 
inclusion compounds for collecting natural flavor components as 
mentioned above. In these methods, first, a guest component 
5 (the component to be included, such as a natural flavor 
component) is mixed with a host component (a cyclodextrin) in 
water or an appropriate solvent at room temperature and 
normal pressure so that the guest component is included in the 
host component. Subsequently, a further process such as 
10 freeze drying, spray drying, or drying under reduced pressure is 
performed, so that the desired inclusion compound is obtained. 
However, these methods have a problem in which the rate of 
inclusion of the guest component is low in the resulting inclusion 
compound. 

15 [0007] Against this problem, there have been recently proposed 
a method of producing inclusion compounds by a supercritical 
carbon dioxide extraction method using high-pressure gas as a 
medium. For example, such a method is described in JP-A No. 
62-148598. 

20 [0008] Fig. 2 is a general flow diagram of such a method, which 
will be described with reference to the drawing. First, a guest 
component (natural flavor component)-containing material is 
charged into an extraction tank 24, and carbon dioxide, which is 
pressurized and heated to a point equal to or higher than the 

25 supercritical point, is supplied from a carbon dioxide bomb 21 
through a pressure pump 23. The supercritical carbon dioxide 
is brought into contact with the guest component (natural flavor 
component)-containing material in the extraction tank 24, so 
that the guest component is dissolved in the supercritical carbon 

30 dioxide. The resulting dissolved phase is then supplied through 
a decompression valve 29 to an inclusion tank 25 which 
contains a host component (cyclodextrin), so that the guest 
component is released from the dissolved phase by the 
reduction in pressure or temperature and included in the host 

35 component. 

[0009] However, the above method has a problem in which the 
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steps of extracting the guest component in the extraction tank 
24, allowing it to be included in the host component in the 
inclusion tank 25, and discharging carbon dioxide from the 
inclusion tank 25 are continuously performed by a circulation 
5 method. 

[0010] Specifically, during the operation of the method, a 
certain amount of the guest component corresponding to the 
saturated solubility at the pressure set at the decompression 
valve 28 is discharged from the inclusion tank 25 through the 

10 decompression valve 28. Therefore, a large amount of loss is 
generated, which theoretically corresponds to the product of the 
discharged amount of carbon dioxide and the saturated 
solubility of the guest component at the pressure for the 
discharge. There is also another problem in which since carbon 

15 dioxide is continuously circulated, it is consumed in a relatively 
large amount. 

[0011] At the initial stage of the operation of the method, the 
concentration of the guest component in the dissolved phase is 
high so that the inclusion into the host component efficiently 

20 proceeds in the inclusion tank 25. However, the concentration 
of the guest component in the dissolved phase decreases with 
time, so that the efficiency of the inclusion into the host 
component decreases. In addition, a reverse reaction occurs in 
which the guest component is dissociated from the inclusion 

25 compound once formed. As a result, the above method cannot 
produce an inclusion compound with a high rate of inclusion of 
the guest component. 

[0012] In the extraction step of the above method, the guest 
component is dissolved in supercritical carbon dioxide 

30 theoretically to the saturated solubility. However, the pressure 
of the dissolved phase being supplied to the inclusion tank 25 is 
reduced to the pressure in the inclusion tank 25 by means of 
the decompression valve 29, and therefore, a certain amount of 
the guest component corresponding to the excess amount over 

35 the saturated solubility at the corresponding pressure is 
precipitated from the dissolved phase before subjected to the 
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inclusion reaction in the inclusion tank 25- The precipitate is 
deposited on the inner wall and any other part of the piping 
connecting the extraction tank 24 and the inclusion tank 25 to 
interfere with the operation and cause a loss of the guest 
5 component. 

[0013] Besides the above circulation method, JP-A No. 
63-141559 discloses a semi-batch method for performing the 
step of guest component extraction and the step of inclusion 
into a host component. This method is performed using an 

10 extraction tank 24 according to the above circulation method, 
but in this method, the step of bringing supercritical carbon 
dioxide into contact with a guest component to dissolve the 
guest component in the supercritical carbon dioxide phase is 
performed oniy for a certain period of time. In this method, 

15 the dissolved phase formed is supplied to an inclusion tank 25 
under a constant pressure produced by controlling a 
decompression valve 29 provided between the extraction tank 
24 and the inclusion tank 25. 

[0014] Even in the semi-batch method, however, the efficiently 

20 of the inclusion into the host component decreases with time, 
although at the initial stage of the operation, the inclusion into 
the host component efficiently proceeds as in the above 
circulation method. In the inclusion tank 25, the guest 
component is also dissociated from the inclusion compound once 

25 formed, and the dissociation reaction and the intended inclusion 
reaction compete against each other, so that the rate of 
inclusion of the guest component in the resulting inclusion 
compound is determined in such a state, which makes it difficult 
to increase the inclusion rate to a certain value or more. 

30 [0015] As described above, conventional methods cannot 
produce inclusion compounds with a high rate of inclusion of 
guest components or efficiently collect unstable natural flavor 
components and other components. Conventional methods 
also have a serious economical problem such as a large amount 

35 of consumption of carbon dioxide used as a medium. 
[0016] 
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[Problems to be Solved by the Invention] The present invention 
has been made in light of the problems described above, and an 
object of the invention is to provide a method for producing an 
inclusion compound with a high rate of inclusion of a guest 
5 component using carbon dioxide as a medium. More 
specifically, an object of the invention is to provide a method for 
producing an inclusion compound with a high inclusion rate in 
which the amount of carbon dioxide consumed is smaller than 
that in conventional methods, 
10 [0017] 

[Means for Solving the Problems] The method of the present 
invention for producing an inclusion compound comprises a first 
step of previously charging a guest component and a host 
component into an inclusion tank, a second step of introducing 

15 high-pressure carbon dioxide into the inclusion tank to dissolve 
the guest component therein so that a saturated dissolved 
phase of the guest component can be formed, and a third step 
of bringing the saturated dissolved phase into contact with the 
host component in the inclusion tank so that the guest 

20 component is included in the host component, wherein in the 
first step, such an excessive amount of the guest component 
that some of the guest component can remain undissolved even 
after the saturated dissolved phase is formed in the second step 
is charged into the inclusion tank. Fig. 1 is a general flow 

25 diagram for carrying out the method of the invention. The 
invention is described in detail below with reference to the 
drawing. 

[0018] In the first step, a guest component and a host 
component are previously charged into an inclusion tank 15. 

30 The inclusion tank 15 preferably has a stirring function (such as 
a stirrer 16) and a temperature controlling function. 
[0019] For example, the guest component to be used in the first 
step may be a flavor component of food, fruit, etc. (such as 
limonene or linalool), a pungent principle (such as allyl 

35 isothiocyanate), a volatile substance such as menthol, an easily 
oxidizable substance (such as fatty acid or vitamin), or an easily 
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decomposable or alterable substance (such as a natural 
colorant). 

[0020] In the first step, not only a single compound but also a 
guest component-containing material such as a plant itself 
5 (flower, fruit or the like) may be charged into the inclusion tank 
15. In this case, the plant has to be separated from the host 
component after the process is completed. 

[0021] On the other hand, cyclodextrins as mentioned above 
may be used as the host component. Specific examples of 

10 cyclodextrins include conventional type cyclodextrins obtained 
by allowing an enzyme to act on starch, and branched 
cyclodextrins obtained by adding maltooligosaccharide to the 
conventional type cyclodextrins (such as glucosyl-a-cyclodextrin, 
maltosyl-a-cyclodextrin, dimaltosyl-a-cyclodextrin, and 

15 diglucosyl-a-cyclodextrin). 

[0022] In the first step, the guest component has to be charged 
in such an excessive amount that some of the guest component 
can remain undissolved even after the saturated dissolved 
phase is formed in the second step. Specifically, the molar 

20 ratio of the guest component to the host component is from 
0.01 to 1, preferably from 0.125 to 0.75. 

[0023] Additionally, a small amount of water is preferably added 
in the first step. The reason for this is as follows. When 
commercially available cyclodextrin is used as the host 
25 component in the first step, the inclusion reaction in the 
subsequent steps is considered to be caused by a difference in 
hydrophobicity between the peripheral portion and the inner 
pore portion of the host component. 

[0024] More specifically, the hydrophobic guest component 
30 existing on the peripheral portion of the host component would 
repel it due to its hydrophilicity and migrate to the hydrophobic 
inner pore portion of the host component to be included in the 
host component. Therefore, if the peripheral portion of the 
host component, on which the guest component first exists, has 
35 increased hydrophilicity, there would be a large difference in 
hydrophobicity between the peripheral portion and the inner 
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pore portion of the host component, so that the guest 
component can more vigorously migrate from the peripheral 
portion to the inner pore portion of the host component. Thus, 
if water exists on the peripheral portion of the host component, 
5 the resulting inclusion compound can have a higher inclusion 
rate. In the first step, therefore, a small amount of water is 
preferably added. Water may be added in an amount of 10 to 
50% by weight, preferably 25 to 40% by weight, based on the 
amount of the host component. 

10 [0025] The second step is then performed, which includes 
closing a stop valve 18, opening another stop valve 14, and 
putting a pressure pump 13 into operation so that carbon 
dioxide is forced into the inclusion tank 15. Thus, the guest 
component is dissolved in high-pressure carbon dioxide, so that 

15 a saturated dissolved phase of the guest component is formed. 
In the second step, the pressure in the inclusion tank 15 may be 
set at 0 to 500 kg/cm 2 , preferably 50 to 300 kg/cm 2 , 
[0026] The third step is then performed, which includes closing 
the stop valve 14, putting the stirrer 16 into operation to bring 

20 the saturated dissolved phase into contact with the host 
component in the inclusion tank 15 under temperature control 
so that the guest component is included in the host component. 
[0027] In the third step, the temperature in the inclusion tank 
15 may be set at 10 to 80°C, preferably 40 to 50°C. The 

25 temperature is stabilized by means of a thermostatic chamber 
17. In the third step, the reaction time may be from 30 
minutes to 2 hours. The second and third steps can proceed 
substantially at the same time. 

[0028] After the third step is completed, a stop valve 18 is 
30 opened so that the pressure in the inclusion tank 15 is released, 
and the resulting inclusion compound is taken out. Finally, the 
inclusion compound may be obtained by drying it by a 
conventional method. Alternatively, it may be dried after the 
remaining excess of the guest component is washed out with an 
35 appropriate solvent. 
[0029] 
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[Operation] According to the method of the present invention 
for producing an inclusion compound, the guest component is 
dissolved in high-pressure carbon dioxide in the second step so 
that the equilibrium solubility can be reached and that a 
5 saturated dissolved phase can be formed, and then, in the third 
step, the saturated dissolved phase is brought into contact with 
the host component so that the guest component is included in 
the host component. After the second step, some of the guest 
component can remain undissolved- Therefore, only part of the 

10 guest component, which can be consumed by the inclusion 
reaction with the host component, is dissolved in the 
high-pressure carbon dioxide, and the reaction cycle in the 
second and third steps can be repeated in the same manner as 
described above. Thus, the host component can always come 

15 into contact with a high-pressure, carbon dioxide solution phase 
saturated with the guest component, when the guest component 
is included, so that the finally obtained inclusion compound can 
have a high rate of inclusion of the guest component. 
[0030] In addition, the method of the invention for producing 

20 an inclusion compound is a batch method, which includes the 
first step of charging certain amounts of the guest component 
and the host component into the inclusion tank prior to other 
components and the following step of allowing the inclusion 
reaction of only the charged amount of the guest component to 

25 proceed in the same tank. In the method of the invention, 
therefore, there is no need to continuously circulate the carbon 
dioxide medium as in a conventional technique, so that the 
amount of consumption of carbon dioxide can be reduced. 
[0031] 

30 [Examples] Examples of the present invention are described 
below. It will be understood that the examples are described 
for easy understanding of the invention and not intended to 
limit the scope of the invention. Each of the examples was 
performed using an experimental system according to the batch 

35 flow shown in Fig. 1, and each of the comparative examples was 
performed using an experimental system according to the 

10 
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circulation flow shown in Fig. 2. 
(Example 1) 

[0032] An aqueous solution was prepared by adding 15 g of 
water to 35 g of commercially available branched cyciodextrin 
5 powder (host component). The aqueous cyciodextrin solution 
and L-menthol (guest component) in the same number of moles 
(4 g) as the cyciodextrin were charged into the inclusion tank 
15. The stop valve 18 was then closed, while the stop valve 14 
was opened, and the pressure pump 13 was operated, so that 

10 carbon dioxide was forced into the inclusion tank 15. The stop 
valve 14 was then closed, and stirring (1,200 rpm) was 
performed for 2 hours using the stirrer 16 under the conditions 
of a pressure of 50 kg/cm 2 and a temperature of 50°C in the 
inclusion tank 15, so that an inclusion reaction was allowed to 

15 proceed. 

[0033] The stop valve 18 was then opened, and 
L-menthol-cyclodextrin inclusion compound powder was taken 
out of the inclusion tank 15 and freeze-dried. The inclusion 
compound powder was further washed with chloroform so that 

20 the unincluded L-menthol was removed. A certain amount of 
the washed inclusion compound powder was then sampled and 
dissolved in 4 ml of water, so that the L-menthol was dissociated, 
and 1 ml of chloroform was further added thereto, with which 
the L-menthoi was extracted. The chloroform layer containing 

25 the extracted L-menthol was analyzed by gas chromatography. 
The total amount of carbon dioxide consumed by all of the steps 
in the example was 21.66 liters. 

(Examples 2 to 4) The same process and analysis as in Example 
1 were performed, except that the pressure was set at 100, 200, 
30 or 300 kg/cm 2 during the inclusion reaction. 

(Comparative Example 1: Production of Inclusion Compound by 
Circulation Method) 

[0034] An aqueous cyciodextrin solution prepared by the same 
method as in Example 1 was charged into an inclusion tank 25, 
35 and L-menthol in the same number of moles was charged into 
an extraction tank 24. Carbon dioxide from a carbon dioxide 
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bomb 21 was forced into the extraction tank 24 and the 
inclusion tank 25 in this order through a pressure pump 23 at a 
flow rate of 0.6 liters/minute. The pressure in the inclusion 
tank 25 was controlled to 50 kg/cm 2 using a decompression 
5 valve 28, and stirring (1,200 rmp) was performed at a 
temperature of 50°C for 2 hours using a stirrer 26 so that an 
inclusion reaction was allowed to proceed. 
L-menthol-cyclodextrin inclusion compound powder was then 
taken out of the inclusion tank 25, and the same process and 
10 analysis as in Example 1 were performed. The total amount of 
carbon dioxide consumed by all of the steps in the comparative 
example was 82.82 liters. 

(Comparative Examples 2 to 4) The same process and analysis 
as in Comparative Example 1 were performed, except that the 
15 pressure was set at 100, 200, or 300 kg/cm 2 during the 
inclusion reaction. 

(Comparative Example 1: Production of Inclusion Compound at 
Room Temperature and Normal Pressure) 

[0035] An aqueous cyclodextrin solution prepared by the same 
20 method as in Example 1 was mixed with L-menthol (4 g), which 
had previously dissolved in a small amount of ethanol, and the 
mixture was stirred at room temperature for 5 minutes in a 
high-speed stirring machine (10,000 rpm). Subsequently, the 
mixture solution was freeze-dried and then measured for the 
25 amount of inclusion by the same method as in Example 1. 

(Comparative Example 2: Production of Inclusion Compound by 
Semi-Batch Method) 

[0036] An aqueous cyclodextrin solution prepared by the same 
method as in Example 1 was charged into the inclusion tank 25, 

30 and L-menthol in the same number of moles was charged into 
the extraction tank 24, A pressure pump 23 was operated, and 
carbon dioxide was supplied from a carbon dioxide bomb 21 to 
the extraction tank 24 and the inclusion tank 25 at a certain 
flow rate. The pressure was controlled to 100 kg/cm 2 by 

35 means of a decompression valve 28, and stirring (1,200 rpm) 
was performed at a temperature of 50°C so that an inclusion 
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[0037] After the inclusion reaction was completed, carbon 
dioxide was released from the extraction tank 24 and the 
inclusion tank 25, and L-menthol-cyclodextrin inclusion 
5 compound powder was taken out of the inclusion tank 25 and 
subjected the same process and analysis as in Example 1. 
[0038] Table 1 below shows the amount of inclusion of menthol 
(inclusion rate) obtained in each of Examples 1 to 4 and 
Comparative Examples 1 to 4 and 1 and 2 and the amount of 
10 carbon dioxide consumed in each of the examples and the 



comparative examples. 

[0039] 

[Table 1] 





Examples 1 to 4 
(Batch method) 


Comparative Examples 
1 to 4 
(Circulation method) 


Set 
pressure 
(kg/cm 2 ) 


Amount of 
gas (1) *a 


Amount of 
inclusion 
(mg/g *b) 
(Inclusion 

rate 
(mol%)) *c 


Amount of 
gas (1) *a 


Amount of 
inclusion 
(mg/g *b) 
(Inclusion 

rate 
(mol%)) *c 


50 

(Example 1, 
Comparative 
Example 1) 


21.66 


36.43 
(29.4) 


82.82 


1.22 
(1.0) 


100 
(Example 2, 
Comparative 
Example 2) 


57.18 


36.68 
(29.6) 


184.1 


28.07 
(22.6) 


200 
(Example 3, 
Comparative 
Example 3) 


109.49 


27.31 
(22.0) 


233.94 


19.01 
(15.3) 


300 
(Example 4, 
Comparative 
Example 4) 


112.39 


25.98 
(21.0) 


241.0 


16.24 
(13.1) 



Comparative Example 1*: Amount of inclusion (inclusion rate) 
15 at room temperature and normal pressure, 27.54 (22.2) 

Comparative Example 2*: Amount of inclusion (inclusion rate) 

13 
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by semi-batch method, 7,67 (6-2), Consumed amount of carbon 
dioxide, 78.79 I 

*a, amount of gas: amount of carbon dioxide consumed by all 
steps in each example 
5 *b, amount of inclusion: weight of menthol included in 1 g of 
cyclodextrin 

*c, inclusion rate: molar ratio of included menthol to 
cyclodextrin 

10 [0040] Based on the results in Table 1, the rate of inclusion of 
L-menthol in each of the examples and the comparative 
examples is plotted against each pressure during the inclusion 
reaction. Fig. 3 shows the relationship between the rate of 
inclusion of L-menthol and the pressure. 

15 [0041] As shown in Table 1 and Fig. 3, the production method of 
the invention can produce an inclusion compound with a high 
inclusion rate as compared with conventional methods. The 
production method of the invention also can reduce the 
consumed amount of carbon dioxide used as a medium. 

20 (Examples 5 to 7) 

[0042] The same process and analysis as in Example 1 were 
performed, except that L-menthol and cyclodextrin were 
charged into the inclusion tank 15 in a molar ratio of added 
L-menthoi to cyclodextrin of 12.5 mol%, 25.0 moi%, or 50 

25 mol% and that the pressure was set at 100 kg/cm 2 during the 
inclusion reaction. 

(Comparative Examples 5 to 7: Production of Inclusion 
Compound by Circulation Method) 

[0043] The same process and analysis as in Comparative 
30 Example 1 were performed, except that L-menthol and 
cyclodextrin were charged into the extraction tank 24 and the 
inclusion tank 25, respectively, in a molar ratio of added 
L-menthol to cyclodextrin of 12.5 mol%, 25.0 mol%, or 50 
mol% and that the pressure was set at 100 kg/cm 2 during the 
35 inclusion reaction. 

[0044] Table 2 below shows the amount of inclusion of 
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L-menthol (inclusion rate) obtained in each of Examples 5 to 7 
and Comparative Examples 5 to 7 and the amount of carbon 
dioxide consumed in each of the examples and the comparative 



examples. 
5 [0045] 
[Table 2] 





Examples 2, 5, 6, 7 


Comparative Examples 




(Batch method) 


2, 5, 6, 7 
(Circulation method) 


L-menthol 


Amount of 


Amount of 


Amount of 


Amount of 


content 


gas (1) *a 


inclusion 


gas (I) *a 


inclusion 


(mol%) *d 




(mg/g *b) 
(Inclusion 

rate 
(mol%)) *c 




(mg/g *b) 
(Inclusion 

rate 
(mol%)) *c 


12.5 


68.00 


12.32 


92.70 


8.75 


(Example 5, 
Comparative 
Example 5) 




(9.9) 




(7.1) 


25.0 


74.20 


22.23 


133.30 


18.43 


(Example 6, 
Comparative 
Example 6) 




(17.9) 




(14.9) 


50.0 


79.64 


28.79 


140.46 


20.87 


(Example 7, 
Comparative 
Example 7) 




(23.2) 




(16.8) 


100 


57.18 


36.68 


184.10 


28.07 


(Example 2, 
Comparative 
Example 2) 




(29.6) 




(22.6) 



*a, amount of gas: amount of carbon dioxide consumed by all 
steps in each example 



*b, amount of inclusion: weight of menthol included in 1 g of 
10 cyclodextrin 

*c, inclusion rate: molar ratio of included menthol to 
cyclodextrin 

*d, content: molar ratio of added L-menthol to dextrin 

15 [0046] Based on the results in Table 2, the rate of inclusion of 
L-menthol in each of the examples and the comparative 

15 
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examples is also plotted against each molar ratio of added 
L-menthoL Fig. 4 shows the relationship between the rate of 
inclusion of L-menthol and the molar ratio of added L-menthol. 
[0047] Table 2 and Fig. 4 also show the data obtained in 
5 Example 2 and Comparative Example 2 described above in 
which the molar ratio of added L-menthol to cyclodextrin was 
100 mol%. 

[0048] As shown in Table 2 and Fig. 4, the production method of 
the invention can produce an inclusion compound with a high 
10 inclusion rate as compared with conventional methods. The 
production method of the invention also can reduce the 
consumed amount of carbon dioxide used as a medium. 
[0049] 

[Effects of the Invention] As described in detail above, the 
15 method of the present invention for producing an inclusion 

compound is significantly effective in increasing the rate of 

inclusion of the guest component and in reducing the consumed 

amount of carbon dioxide used as a medium. 

[Brief Description of the Drawings] 
20 Fig. 1 is a general flow diagram of the method of the 

present invention for producing an inclusion compound; 

Fig. 2 is a flow diagram of a circulation- or 

semi-batch-type method for producing an inclusion compound; 

Fig. 3 is a graph of a plot of each rate of inclusion of 
25 L-menthol versus each pressure during the inclusion reaction (a 

graph showing the relationship between the rate of inclusion of 

L-menthol and the pressure); and 

Fig. 4 is a graph of a plot of each rate of inclusion of 

L-menthol versus each molar ratio of added menthol (to 
30 cyclodextrin) (a graph showing the relationship between the 

rate of inclusion of L-menthol and the molar ratio of added 

L-menthol). 

[Description of Reference Numerals] 

11, 21: a carbon dioxide bomb; 12, 22: a cooler; 13, 23: a 
35 pressure pump; 14, 18: a stop valve; 15, 25: an inclusion tank; 
16, 26: a stirrer; 17, 27: a thermostatic chamber; 24: an 
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extraction tank; 28, 29; a decompression valve. 



17 



[Fig. 3] 



Relationship between the rate of inclusion of 
L-menthol and the pressure 
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[Fig. 4] 



Relationship between the rate of inclusion of 
L-menthol and the molar ratio of added L-menthol 
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